Many lipid soluble compounds are metabolized by liver microsomes in the presence of oxygen and NADPH (1, 2). It has been considered that NADPH oxidizing system of liver microsomes is the responsible component for the oxidation and reduction of drugs (1-3). The metabolisms (oxidation and reduction) of drugs by liver microsomes are al tered by diet, age and sex as well as by some unphysiological conditions (4-8). The alter ations in the metabolisms of drugs are often accompanied with similar alterations in the activities of NADPH-linked electron transport system of liver microsomes (3, 4, (8) (9) (10) .
The purpose of present studies is the determination of the activities of drug-oxidizing and -reducing systems in old rats (about 600 days old) in comparison with young adult rats (about 100 days old). Moreover, it is of interest to investigate whether cr not decreased activities in drug-oxidation and -reduction in old rats is related to those of NADPH-linked electron transport systems of liver microsomes. Many activities of drug oxidation show a clear sex difference and the activities are dependent on male sex hormone (6, 12) . In the present experiments, therefore, the male and female rats were used for the study of the effect of male sex hormone in old rats.
MATERIALS AND METHODS
Forty-eight of each female and male rats of Wistar strain were used. Body weights of young (about 100 days old) and old (about 600 days old) female rats were about 220 g and 240 g, respectively and body weights of young (about 100 days old) and old (about 600 days old) male rats were about 310 g and 380 g, respectively.
Preparation of inicrosomes: The rats were decapitated and the livers were removed, chopped into small pieces, washed well, and homogenized with 3 volumes of 1.15% (iso tonic) KCI solution in a Taflon-glass homogenizer. The homogenate was centrifuged at 9,000 x g for 20 minutes. The supernatant was then centrifuged at 105,000 x g for 1 hour and the microsomes were suspended in 1.15% KCl solution.
Assays of drug-metabolizing enzymes : Incubation mixture consisted of 9,000 x g super natant equivalent to 625 mg of liver, 10 pmoles of glucose-6-phosphate, 0.4 pmoles of NADP, 50 ,e moles of nicotinamide, 50 pmoles of MgCh, 1.4 ml of 0.2 M sodium phosphate buffer (pH 7.4), various substrates (hexobarbital, 4.0 i moles; aminopyrine, 5.0 ,umoles; aniline, 5.0 ,umoles; strychnine, 2.0 nmoles; p-nitrobenzoic acid, 5.0 ,moles and p-dimethylamino azobenzene, 1.5 ,umoles) and water to final volume of 5.0 ml. When p-nitrobenzoic acid and p-dimethylaminoazobenzene were used as the substrate, the 9,000 x g supernatant equivalent to 375 mg and 250 mg, respectively, of liver were used. The mixtures were incubated for 30 minutes at 37°C under air excepting with p-nitro benzoic acid and p-dimethylaminoazobenzene which were incubated under nitrogen. The hydroxylation of hexobarbital was determined by measuring the disappearance of the substrates according to the method of Cooper and Brodie (13) . The N-demethylation of aminopyrine was determined by measuring the formation of 4-aminoantipyrine according to the method of La Du et al. (14) . The hydroxylation of aniline was determined by meas uring the formation of p-aminophenol according to the method described in a previous paper (12) . The oxidation of strychnine was determined by measuring the disappearance of substrate according to the method of Kato et al. with small modification (11) . Add 30 ml of hexane containing 1.5% isoamylalcohol to a 50 ml glass-stoppered bottle containing 2 ml of the reaction mixture, 2 g of NaCI and 0.5 ml of 1 N-NaOH. Shake for 30 minutes and centrifuge for 10 minutes. Transfer 25 ml of the hexane phase to another glass-stop pered bottle and washed with 10 ml of 2.0 M sodium borate to eliminate nicotinamide and transfer 20 nil of the hexane phase to another glass-stoppered bottle containing 4 ml of 0.2 N-HCl. Shake for 3 minutes and then centrifuge for 5 minutes and read the absor bance at 255 m,r2 and 280 mp in a Hitachi spectrophotometer. The reduction of p-nitro benzoic acid was determined by measuring the formation of p-aminobenzoic acid accord ing to the method of Fouts and Brodie (15) . The reduction ofp-dimethylaminoazobenzene was determined by measuring the amount of the disappeared substrate according to the method of Conney et al. (16) . The metabolic activities were expressed as m,umole sub strates metabolized per g wet weight of liver per 30 minutes.
Assays of components of electron transport systems in liver microsomes: NADPH oxidase was assayed spectrophotometrically according to the method of Glilette et al. (1) . NADPH cytochrome c reductase was determined according to the methods of Williams and Kamin (17) . NADPH-netetrazolium reductase was determined by the methods described below.
Incubation mixture (total 3 ml) consisted of NADP (0.3 acmole), glucose-6-phosphate (5 ,umole), glucose-6-phosphate dehydrogenase (0.5 U), nicotinamide (50 ,umole), MgC1, (25 i mole), 1.15% KC1 (0.8 ml), 0.2 M phosphate buffer, pH 7.4 (1.0 ml), neotetrazolium
(1 , emole) and 25 folds diluted microsomal suspension (0.5 ml) equivalent to 5 mg liver. The incubation run for 10 minutes at 37°C under air. After the incubation transfer the reaction mixture to 15 ml glass-stoppered tube containing 5 ml of benzene and 1 g NaCl and shake and centrifuge, and then take benzene phase and read the absorbance at 555 m/t.
The content of cytochrome p-450 was determined by the method described in a pre vious paper (10 
RESULTS
1. Body weight, liver weight, liver protein and liver microsomal protein in young and old rats The body weights in the old female and male rats (600 days old) were more heavy than in the young female and male rats (100 days old), but the liver weights were less in the old rats than in the young.
Thus, the liver weights per 100 g body weight of the old rats were about 26-28% lower than that of the young, as given in Fig. 1 . However, the liver proteins and liver microsomal proteins per g wet weight liver were almost same in both young and old rats.
2. Activities of hexobarbital hydroxylation, aminopyrine N-demethylation, aniline hydroxylation and strychnine oxidation in young and old rats The activities of hexobarbital hydroxylation and aminopyrine N-demethylation in the old male rats were about 58% and 56%, respectively, of the young male. Similarly, the activities in the old female rats were about 63% and 57%, respectively, of the young female. However, it is of interest that the sex differences in the activities of hexobarbital hydroxylation and aminopyrine N-demethylation were still clearly observed in the old rats (Fig. 2) These results indicate that the decrease in the activities of drug-metabolizing enzyme systems in the old male rats is not due to only a decreased activity of the gonadal functions (2, 11) , and these enzyme systems of the old rats still respond to the actions of gonadal hormone. Moreover, the activities of aniline hydroxylation and strychnine oxidation in the old female rats were about 68% and 66%, respectively, of the young female and the activities in the old male rats were similarly lower than in the young male (Fig. 3) .
Activities of p-nitrobenzoic acid and p-dimethylaminoazobenzene reductions in young and old rats
As shown in Fig. 4 , the activities of p-nitrobenzoic acid and p-dimethylaminoazoben zene reductions in the old rats were lower than in the young rats as observed in the drug-oxidating activities. 4. Activities of NADPH oxidase and NADPH-cytochrome c reductase in young and old rats As shown in Fig. 5 , the activities of NADPH oxidase and NADPH-cytochrome c reductase in the old female rats were about 56% and 75% of those in the young. Similar results were observed in the male. Moreover, the both activities showed slight sex difference in the old rats as well as in the young.
5. Activity of NADPH-neotetrazolium reductase and the content of cytochrome P-450
The activity of NADPH-neotetrazolium (NT) reductase in the male rats was higher than in the female and the enzyme activities were decreased in the old female and male rats. Similarly, the content of cytochrome P-450 in the male rats was higher than in the female and the content was decreased in old female and male rats. 
DISCUSSION
The activities of drug-oxidizing enzymes of liver microsomes in the old male rats were lower than in the young male, and the activities in the old female rats were lower than in the young female. The activities of hexobarbital hydroxylation, aminopyrine N-demethylation and strychnine oxidation in the young male rats were much higher than in the young female and these sex differences were well maintained in the old rats.
These results, therefore, indicate that the decreased activities of drug-oxidation in the old rats were not due to only a decreased activity of gonadal functions (2, 11) , and the action of male sex hormone to stimulate the activities of drug-oxidation was appearently not impaired in the old rats. The activities of NADPH oxidase, NADPH-cytochrome c reductase, NADPH-neo tetrazolium reductase and nitro and azo-reduction and the content of cytochrome P-450 in liver microsomes were markedly decreased as well as the drug-oxidizing activities in the tumor-bearing rats, low protein diet fed rats and thyroidectomized rats as demonstrat ed in previous studies (8, 10, 18) . The results of present investigations were very similar to the results in tumor-bearing rats, low protein diet fed rats and thyroidectomized rats.
The mechanisms in the regulation of the activities of NADPH-dependent electron transport systems and drug-oxidizing and reducing systems have not yet been known. Since both activities were decreased in the tumor-bearing rats, low protein diet fed rats and thyroidectomized rats as well as in the old rats, a possible presence of a common mechanism which regulates these both activities is postulated and this mechanism may be impaired by the above-mentioned unphysiological conditions. However, it could not be concluded from present studies whether the decreased activities of NADPH dependent electron transport systems may be responsible factor for the decrease in the activities of drug-oxidation in the old rats, or common factor(s) which may regulate the activities of NADPH-dependent electron transport system and drug-oxidation, are im paired in the old rats.
In further experiments, it is observed that the effect of phenobarbital to increase the activities of drug-metabolizing enzymes and NADPH-electron transport systems in young rats are markdly decreased in old rats (19 
